Fusarium root rot of lettuce (RRL) caused by Fusarium oxysporum f. sp. lactucae (FOL) race 2 occurrs only in Nagano Prefecture, Japan. The area affected by the disease reached 17 ha in 2003. 'Chouya No. 37' crispheadtype lettuce (crisp lettuce), which is adaptable to summer cultivation, was bred with resistance to FOL race 2. As a maternal line to breed a resistant cultivar, the selection line of 'Kikugawa No. 102' was used as a genetic resource with resistance to FOL race 2. The resistant line was crossed with the selection line of crisp lettuce with slow bolting. The progeny had been selected by various methods until F 6 , 'Chouya No. 37' was bred. 'Chouya No. 37' is as highly resistant to FOL race 2 as its maternal line. Its resistance is superior to that of other lettuce cultivars that are adaptable to mid-summer cultivation in Nagano. 'Chouya No. 37' is very vigorous, its leaf color is green to slightly dark green, and its leaf luster is relatively high. The leaf margins have relatively shallow incisions, indentations, and mild undulations. The quality of the head upon harvest is categorized as "relatively good" to "good". It also has slow bolting in mid-summer.
Introduction
Fusarium root rot of lettuce (RRL) is a soilborne disease caused by Fusarium oxysporum f. sp. lactucae (FOL) and first occurred in Tokyo, Japan (Matsuo and Motohashi, 1967) . This disease was detected around the world in the 1990s (Garibaldi et al., 2002; Huang and Lo, 1998; Hubbard and Gerikj, 1993; Matheron and Koike, 2003; Millani et al., 1999) . RRL also occured in Nagano prefecture, a major lettuce production area, in 1995 (Fujinaga and Wada, 1997) . FOL is categorized to three races, 1, 2, and 3 (Fujinaga et al., 2003) . In Nagano, race 1 and 2 were confirmed (Fujinaga et al., 2001; Tsuchiya et al., 2000) . The damage caused by FOL race 1 and 2 amounted to 54 ha and 17 ha in 2003, respectively. The 'Shinano Hope' lettuce was bred as the first cultivar resistant to FOL race 1 (Tsuchiya et al., 2004b) in the world. This cultivar was cultivated in about 80 ha in Nagano in 2004, covered 95% of the RRL-infested area with FOL race 1, and the damage by the disease has decreased each year. Meanwhile, the breeding program has been developing a new lettuce cultivar that has resistance to FOL race 2. Crisp lettuce 'Kikugawa No. 102' was selected as a genetic resource with resistance to FOL race 2 (Tsuchiya et al., 2004a) ; however, this cultivar was very early bolting (Tsuchiya et al., 1997) and did not have good shipping traits in summer cultivation. Therefore it was necessary to improve these traits by pedigree breeding after artificial crossing through this breeding program. This paper reports the breeding process and the characteristics of 'Chouya No. 37'.
Materials and Methods

Exp. 1. Breeding of 'Chouya No. 37'
The breeding program started by crossing line D199 with D191 (Fig. 1) . D199, a selected line from 'Kikugawa No. 102' (Yokohama Ueki Co. Ltd), is resistant to FOL race 2, but is very early bolting (Tsuchiya et al., 1997) . D191 is also a crisp-lettuce selected from genetic resources of Nagano Prefecture Vegetable and Ornamental Crops Experimental Station. This line is selected to have slow bolting, but is susceptible to FOL race 2. The two lines were crossed in 1998. A resistance test was conducted in the same way as described by Tsuchiya et al. (2004a) . FOL F9501 (race 2) (Fujinaga et al., 2001 ) was cultured in a mixture of bran and vermiculite in 1 : 1.5 (v/v) until the spore density increased to 10 8 cell·ml −1 . Next, it was mixed with horticultural nursery soil to infest soil. This mixing ratio (inoculum density) was between 1 : 9 (w/w, hereafter 1/10) and 1 : 39 (hereafter 1/40). The infested soil was placed in a NK plug tray (30 cm × 60 cm with 253 holes) 207 to sow lettuce seeds. After seeding, the tray was kept for three days in an incubator between 15 and 25°C. The tray was then moved to a greenhouse kept between 15°C (min.) and 40°C (max. , and 'Patriot' (Nitto Nosan Seeds Co., Yokohama, Japan) were also tested as controls for comparison in the same resistance tests. RRL resistance tests were conducted in each generation and the plants were selected with resistance to FOL race 2. In each generation, progeny was also selected for horticultural traits in non-FOL-infected fields of Nagano Prefecture Vegetable and Ornamental Crops Experimental Station (Matsushiro field); and the seeds were sown in a 'Napura' tray (30 cm × 60 cm with 200 holes, produced by Yanmar Co., Kyoto, Japan). As basal fertilizers, nitrogen, phosphoric acid, and potassium were applied to the soil at 1 kg·a , respectively. Rows were made 45 cm apart and the field was wholly covered with black and white polyester sheets (right side was white). Seedlings were spaced every 27 cm in a row. Twenty seedlings per breeding line/cultivar were planted in the same row. There were no replications for any breeding lines in the field. In 2003, F 5 lines, 'V lettuce' (Kaneko Seeds Co., Maebashi, Japan) and 'Patriot' were tested in a field naturally infested with FOL race 2 in Kawakami Village, Nagano Prefecture, Japan. The test was conducted on July 3, and seeds were sown in a 'Napura' tray with horticultural nursery soil. On July 23, the seedlings were transplanted to the test field. Prior to this, as basal fertilizers, 2 kg·a , and 2 kg·a −1 of nitrogen, phosphoric acid, and potassium were applied to the soil, respectively. The method of making rows and the interval between seedlings was the same as the tests conducted in the Matsushiro field. Each plot was 2.7 m long and 1.4-1.8 m wide. Plots were arranged in completely randomized blocks in two replications. The other test conditions were the same as ordinary conditions practiced in the region. Root rot disease incidence and head characteristics were examined on September 4. The examination method and criteria were the same as by Tsuchiya et al. (2004b) . The resistance of 'Chouya No. 37' to FOL race 2 was also compared with that of commercial crisp-lettuce cultivars cultivated in Nagano in mid-summer 2003. The tested cultivars are listed in Table 3 . Inoculum density in the resistance test was 1/20. The test and its evaluation were the same as the methods by Tsuchiya et al. (2004a) except for inoculum density.
Exp. 2. Evaluation of the characteristics of 'Chouya No. 37'
The characteristics of 'Chouya No. 37' were compared with its two parental lines and 'V lettuce' in the Matsushiro field. 'V lettuce' is a popular cultivar for summer cultivation in Nagano. On May 20, 2003, seeds were sown in a 'Napura' tray. On June 10, the seedlings were transplanted and examined on July 22. Plot design and other conditions were the same as the test in the Matsushiro field (Exp. 1) except for the amount of basal fertilizers. With regard to basal fertilizers, nitrogen, phosphoric acid, and potassium were applied to the field at 1 kg·a , respectively. Test indices for the appearance of lettuce were fundamentally in accordance with the standard for cultivar registration written by the Ministry of Agriculture, Forestry and Fisheries and the genetic resource manual of the National Institute of Agrobiological Resources (1992) . The quality of the head was rated referring to the shipping standard.
Results
Exp. 1. Breeding of 'Chouya No. 37'
The breeding process is shown in Figure 1 . The disease severity of the above-ground parts of F 1 plants (DH22) was equal to that of D199, while the disease severity of roots was less than D199 (Table 1 ). The disease severity of the F 2 line (E242) was intermediate between parental lines (Table 1) ; the number of plants ranked as test index 0 and 3 was more than other test indexes (Fig. 2) . The disease severity of the roots of F 3 generation ranged from 20 to 44, whereas those of D199 and 'Patriot' were 13 and 100, respectively (Fig. 3) . In the F 4 generation, five breeding lines had resistance to FOL race 2 whose disease severity of roots was less than 10. In the field trial in Kawakami, 'V lettuce' and 'Patriot' were almost dead, with the disease severity of roots reaching 100 (Fig. 4, Table 2 ); but our breeding lines had no symptoms on the above-ground parts, and the disease severity of roots was between 2 and 19. The breeding line, Ⅱ197 had the horticultural traits needed for a crisp-head lettuce; its bolting is slow enough to be cultivated in mid-summer in Nagano (data not shown). This line was thesefore selected and its generation advanced. It was named 'Chouya No. 37' after its horticultural traits were investigated, and sufficient fixation in F 6 was reconfirmed. 'Chouya No. 37' showed a lower level of disease severity than the cultivars developed so far by seed companies; its disease severity index was 17 for above-ground parts and 20 for the roots (Table 3) .
Exp. 2. Evaluation of the characteristics of 'Chouya No. 37'
The vigorousness of 'Chouya No. 37' was categorized as "stronger" to "much stronger"; weaker than the maternal line but stronger than the paternal line and 'V lettuce' (Table 4) . Its leaf color is green to slightly dark green; lighter than that of D199 but darker than that of D191. The leaf margins have relativelyshallow incisions (Fig. 5) , same as the paternal line. The crinkle of the leaf surface is slight, same as both parents. The leaf luster and undulation of leaf margins fall between that of both parents. The quality of the head appearance of the new cultivar was categorized as "relatively good" to "good"; better than that of both parents but inferior to 'V lettuce'. The colors of the seeds of the above four cultivars ranged between brown and black (data not shown).
The maximum length of leaves around the head (written as "outer leaves" in Table 5 ) of the new cultivar was shorter than both parents. The number of outer leaves was as many as D199, and the weight of outer leaves fell between both parents. 'Chouya No. 37' did not bolt the same as D191; the paternal line and 'V lettuce', but the stem length of 'Chouya No. 37' was significantly shorter than 'V lettuce' and almost equal to D191 (Table 5) , while D199, the maternal line bolted so early that it could not be be harvested. The trimmed head weight of the new cultivar was significantly lighter than that of D191 and almost the same as that of 'V lettuce'.
Discussion
When RRL first occured in Nagano, it was confirmed that FOL differentiated into multiple races, race 1 and race 2. A breeding program for race 1 resistance was initiated because RRL by race 1 spread more rapidly than by race 2. This is one reason why a resistant cultivar to FOL race 2 has not yet been bred since FOL race 2 was first found in Nagano Prefecture. The D199, a selection line of 'Kikugawa No. 102', was used as a genetically resistant resource to FOL race 2. As this breeding program continued, it was conjectured that the inheritance of D199 resistance to FOL race 2 is relatively simple and its resistance genes work dominantly according to the results of RRL-resistance tests from F 1 to F 4 . If our conjecture is correct, selection for resistance to FOL race 2 in the early generation would be effective. In fact, resistance of the breeding line against FOL race 2 seems to have developed quite strongly until F 4 (Fig. 3) . The results of the field test in Kawakami were according to expections and it was confirmed that the new cultivar has enough resistance to FOL race 2 in naturally infested soil.
'Chouya No. 37' also had sufficiently slow bolting to cultivate in mid-summer. At the beginning of this breeding program, it seemed difficult to breed a new cultivar with both RRL resistance and slow bolting, since the genetic resource with resistance to FOL race 2 was early bolting, and the slow bolting resource showed no practical resistance to race 2. Since these tendencies were seen in early generations after crossing between parental lines D199 and D191, the selection process for bolting was carefully continued.
When lettuce is cultivated in soil that contains too much nitrogen, it tends to grow vigorously but an easily forms abnormal head (Matsumoto et al., 1982) . 'Chouya No. 37' is more vigorous than the popular cultivars for summer in Nagano (ex. 'V lettuce') ( Tables 4 and 5) . If the new cultivar is cultivated with the customarily applied amount of nitrogen in Nagano, it will be difficult to produce a good quality head appearance. In this breeding program, it was difficult to develop the new cultivar because almost all breeding lines were very vigorous and did not have a good quality head appearance. When this new cultivar was cultivated under half the amount of the present nitrogen level used in Nagano, it had a good head appearance (data not shown). Therefore decreasing the amount of nitrogen from its present level will be better for this new cultivar. 
